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Fig.1 Location of the sampling sites in Heihe River
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Tab.1 Species composition of the zooplankton

community in Heihe River

Tl 5 ) 1A 7H 12 A
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e e 2 1 4 1
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AT A 5y B, B SE T BT I TR
Y EHKHEERF R ZE L BIH TR 2), 6 &
A EH T B A S R B R T 0.7, D - W Geit i #f
R 2, R A ] 05 05 R AT A (B B 45, 2010)
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BRI K, CODy, Ml DO R 2, Hith CODy, 19 B
AR RN U fE . CODwy, 814238 1 Chl-a Al
DO & F I sh ¥y , S A5 1 IE I/

v VF U ) 4 5 K A B TR AR R B R
4, DO.,Chl-a,SD Hl COD\y, X} 1 % 3 ¥ % FE 1) B %

fER# K, DO Al SD E H 4 1], Chl-a /£ 28 IE
], Chla @it % DO, SD, CODyy, 8] $ 1E H T 1 i
SR R AE R . Chl-a X923 sh i 19 A 9 i
B B R, & DO Il SD, Chl-a i 3 %f
DO 1 SD [a] 3/ X A 9 2 30K T il

*k2 FHIYEARERFHERSEAFTRE
Tab.2 Stepwise multiple regression between zooplankton and water environmental factors
b e ANEY ¥ R P
s % InZD=-179.610+14.379InChl-a — 14.507InCODw, +36.711InDO 0.969 0.0001
L He ) InZB=-4.727-+1.956InChl-a - 1.978lnCODw, +5.0281nDO 0.967 0.0001
" ol InZD=10.121 - 4.013InDO-+3615InChl-a — 2.640InSD - 2.197InCODw, 0.943 0.0001
i AWt InZB=13.982-+3.067InChl-a — 3.386InDO — 1.425InSD 0.937 0.0001
W InZD=-15.172 - 6.766InDO — 1.597InSD+6.439InChl-a — 4.330In8+35.175InpH — 4.534In TP 0.841 0.0001
i Ee7/h InZB=3.063 = 1.1761nDO - 0.2481nSD+2.648InChl-a — 1.145In TN = 1.011nd 0.882 0.0001

W ZD RE R YT, ZB RER RIS ED .
Note: ZD denotes zooplankton density, and ZB denotes zooplankton biomass.
K3 LHEFHEIVEXTERFHNERRHY

Tab.3 Path coefficient analysis of zooplankton and water environmental factors for the upper Heihe River

. . HEEM [A14Z 4 i P HE
PR 72 ER — - - —
P; i1 InChl-a i 3 InCOD, it InDO ZH
InChl-a 0.907 ~0.121 0.160
InZD InCODy, ~0.609 0.180 0.274 0.986
InDO 0.529 0.274 ~0.315
InChl-a 0.912 0.166 ~0.122
InZB InCODxs ~0.615 0.181 0.284 0.982
InDO 0.548 0.276 ~0.319

HZD REF U EIE . ZBREZ W EWE,
Note: ZD denotes zooplankton density, and ZB denotes zooplankton biomass.
k4 PHEFHFDIVEKFEEFHNEERE

Tab.4 Path coefficient analysis of zooplankton and water environmental factors for the middle Heihe River

HEEH [EHAE ri P, R
75 S5y ;
P, it InDO i1 InChl-a it InSD il 33 InCODwn EX58
InDO -0.477 0.294 -0.216 -0.032
InChl-a 1.020 -0.137 -0.619 -0.059
InZD 0.737
InSD -0.890 -0.116 0.710 -0.026
InCODwm, -0.159 -0.097 0.381 -0.148
InChl-a 1.048 -0.384 -0.139
InZB InDO -0.482 -0.134 0.302 0.704
InSD -0.551 -0.117 0.730

TE . ZD AURIF W s Yy &, ZB IR IF U sh A it

Note: ZD denotes zooplankton density, and ZB denotes zooplankton biomass.

SRR TR i i S ) 5 K BR TR Y AR AR AN
7 5. Chl-a F1 pH XJ I i 2 9 (% % B 2 30k 1F ]
HAZEN . DO.SD.TP.& Wl £ BN 7w B 4E/EH .
25 7K IR DR 6 7 U0 A= 00 5 B 1) I ) ) 422 4 P 32 2
KI5 SD, TP, 8. pH % Chl-a B 5 Wi, DO & i
Chl-a Xt 4= ¥ 2% B 5 00 1) i R AE T . R i
W sh ¥ iy A4 4 B 52 ) Chl-a B9 1E 7] 5 8 4E oK T
TN, 7 i) EAEAE AT 8 % DO.SD 3, SD.TN £l &

i 3k Chl-a X V2 Ui 80 W A= W & A 1 ) [ 4246 H . DO
i3t Chl-a FR R 1w [ HEAE .
2.4 EFHEFWEKFEETFHETEX RS

MR R 62 7 T 2h ) o i 08 AT i
BLor B 30 A, Mk AR UL 3% 6. FRIT 1L

T KRB N F 508 DL IR s W A Y & 5
CCA HEF&5 R 7./ 2,
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Tab.5  Path coefficient analysis of zooplankton and water environmental factors for the lower Heihe River

) HER M i P e
HAs R HAER — — e — — — -
P; i InDO - Gl InSD i jd InChl-a #ad Ind i#id InpH i InTP f#id InTN E
InDO -0.138 0.029 -0.990 0.088 -0.078 0.184
InSD -0.163 0.024 1.088 -0.190 0.135 -0.405
InChl-a 1.817 0.075 -0.098 -0.242 0.214 -0.550
InZD ’ 0.886
Ind -0.270 0.045 -0.114 1.624 0.219 -0.572
InpH 0.239 0.045 -0.092 1.627 -0.248 -0.573
InTP -0.612 0.041 -0.108 1.634 -0.253 0.224
InDO —0.245 0.043 -0.549 0.255 -0.129
InSD —0.245 0.043 0.603 -0.549 0.271
InZB InChl-a 1.007 0.134 -0.147 -0.699 0.367 0.853
InTN 0.402 0.079 -0.165 0.920 -0.752
Ind -0.782 0.080 -0.172 0.900 0.386

W ZD RFIF W W) % B, ZB R IF W Wit
Note: ZD denotes zooplankton density, and ZB denotes zooplankton biomass.
R 6 CCA HEFF B HiF i sh ¥ 2 K5

Tab.6 Codes of zooplankton species for canonical correspondence analysis (CCA)

(2] it ES M B x

S1 IRt H 4G R (Keratella cochlearis) S16 R A B B (Monostyla hamata)
S2 MY B 4 L (Keratella quadiata) S17 ZUE B4 B (Monostyla pyriformis)
S3 il B e, B 48 Bt (Keratella vaigavalga) S18 &5 W20 58 R (Euchlanis pellucida)
S4 58 % B (Brachionus angularis) S19 &l B 4 B (Colurella obtusa)
S5 MR R U (Brachionus calyciflorus) S20 TR ¥ 4 U (Lepadella patella)
S6 HIE 4 H (Lecane luna) S21 W 8 (Lepadella heterostyla)
S7 5 % L (Lecane curvicornis) S22 A % 56 46 1 (Squatinella lamellaris)
S8 K =% R (Filinia longiseta) S23 W) %8 H1 (Notholca acuminata)
S9 WK = B4 B (Filinia maior) S24 R IE B4 U (Synchaeta pecitinata)
S10 I Z R B (Polyarthra trigla) S25 B % (Moina sp.)

S11 AT W 58  (Asplanchna priodonta) S26 BRI T 33 (Camplocerus harphae)
S12 WK F R B (Trichocerca elongta) S27 %5 B 75 K% ( Dia phanosoma brachyurum)
S13 T S B 5 MU (Trichocerca lophoessa) S28 ST K & (Tropocyclops sp.)
S14 M5 R4S (Trichocerca gracilis) S29 I H B K & (Mesocyclops leuckarti)
S15 Xif i [6] FE 5 B (Diurella stylata) S30 TG 4l (Nauplius)

*x7 REEFESUANHFEHZENBEXRY
Tab.7 Correlation coefficients of water environmental factors and the first two axes

of CCA for the main stem of Heihe River

L i T
SPEC AX1 SPEC AX2 SPEC AX1 SPEC AX2 SPEC AX1 SPEC AX2
SPEC AX1 1 1 1
SPEC AX2 0 1 0.015 1 0.032 1
ENVI AX1 1.000 " * 0 0.995" 0 0.963" ~ 0
ENVI AX2 0 1.000 " * 0 0.891" " 0 0.991"*
pH -0.627" " 0.302 -0.1 0.227
DO 0.757~ —-0.485 0.725** —0.039 0.174 -0.515~
) -0.208 0.435 -0.868" * —0.064 -0.04 0.002
TN 0.729~ -0.186 -0.397 0.289 -0.037 0.113
TP 0.018 0.971" " -0.678" " 0.093 -0.018 0.283"
CODwmn 0.980" ~ 0.101 -0.620" " -0.018 -0.02 -0.008
SD 0.27 —-0.601 0.294 -0.17 -0.013 0.247
Chl-a 0.296 -0.787" 0.709 " * -0.375 -0.153 0.182

1 SPECAX1: ¥ HEF 4 1; SPEC X2. ¥l 2; ENVIAXL: #48 KN 774 1; ENVIAX2: #E KR FHF 4 2, * P<<0. 05,
** P<<0. 01,

Note: SPECAXI: zooplankton species ordination AX1; SPEC X2: zooplankton species ordination AX2; ENVIAXI: environmental factor
ordination AX1; ENVIAX2: environmental factor ordination AX2. * P<C0. 05, * * P<C0. 01.
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Fig.2 CCA ordination biplots between zooplankton species and water environmental factors

¥ CCA HEF 245 R o, LIl sh W E w9
FRECHE /T 2 A HE P B0 Re AE fH 4 50 8 0,597 A
0. 117, /R T 63. 1% MEE . AEHN TS Y
Tt HE 7 =2 E) 9 FH D6 R B0k 1,000, KR BRI F 2 A~
HEFF b 2 8] AH OC R E o 05 il CCA HEFF L i 2
AHE Tl 04 R A AR 43 0 R 0.690 Fl0.604, R T
81.6 Y0 W {5 B &, PR 5% I 7 i 5 4 b HE T B =22 18] 1Y
HHKE R BCH 0.995 1 0,891, /K BR 85 A 7 i e b =2 T
A 5E R ECR 0.0148; FUiF CCA HEJF . A 2 A~k
J Bl 4 R A (B 2 51 o 0,881 AT 0,690, LR R T
87. 8 %6 M fw Bl ik, PR A il 5 4 P HE I B 22 ) 1Y
AR EH 0.963 F1 0.991, K EREE K 7 2 A HEFE il
Z I AH I R K 0.0315, 31X & B HEP 25 355 50T 5
CBERLAE,2014)

MY b R 3 A X R Sl R T 4

H5WEN M Z SRR, Rl Y RE &
TR AN S R A 2L (S14) | il R A R (S3) FR A
BLE AR (S 16) JE /NI 3 W) A4 B s CODy, L DO
TN M TP 5 W REE SR EMERR. 5
Chl-a B 7 AH 56 & &, HoAth K 258 7 52 i K 8 3%
(P>>0.05) ; CODy, #H 5 2 #1515 (0.980) , Chl-a fH
KRBIRAR - 0.787) . iiiF P Ui sh ) Fh 28 4 e
SR bR g RO R R (S27) L A Hh 8K i
(529) 4 RAIFE I 2 ¥ 3 [6] 32 3] Chl-a Al DO By IE
n] 5, A 56 R O 0.709 10,725, 1 6. TP
PL R CODw, 5T s W E v 45 2 UGG &R L ]
ANTFILREFLE(P>0.05), FiiiEiEsh¥ i
B i O ) T R RAR R R PR Sh YR T
G55 TP RIEMHXER, 5 DO B HAHCK R, HH
KRE BN 0.283 Fl-0.515, 250, CODy, &
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(P<C0.01), "hfig i i o 8 (P<C0.01), T it W7 i
DO(P<20.05),
3 g
3.1 BATRERIVEKREEFHXR

DO ZVREsh W E AN EE N F 22—, DO KF
B GE TR O 0 R R R KN (RS
2011), Chl-a 21 &t 17 U A8 Y 1 5 248 4, 10077 Ui
TIAVE R PR BB ) RAR B HAE KR h i % S5
TR sh W) A K BB 2 VDA G (B 206 5, 2000) . A
2. DO Fl Chl-a ¥ A% 77 liF 2 1 % B A ) ik
fR2 A [ 05 5 8 e, Chil-a 38 53 B 82 5 a) 422 19 15
P54 W T I i S ) RS AR R A G R &R
DO X9 dsk 1 17 i 3h 4 25 B A AE B o 1 s e s
1F 1] R4 A7 v i B0 R i 5 0 i sh 4 8 R
A RN R, ol EEAE AR T T
Ui s LR TR T 45 W 1 R S IR 3 1t D R A 7
25, LUK I E RSB ES ERRE, 9
GBI GRS EA OGO R . TiE KR S
B E B RIS KRB BTG G B SRR A
TP EFE KR T DO WS 2 A7 L W R R 7R
ERSIEY/LOR G R T A N €L S s Y A= Y RN
A BARA NG G & AR IH ARG (RK h &2
BTUUTE W0 G 7= 138, DO WSk T - i (i
KT .2017 s T BR A, 2013) . 77 307 3h W 5 v I X 3
A R AAE S e DO AY ) B8 AR T
HiiE

SD 7F — & B B T Be A v 0 28 77 W A ) %5 3
(A48 b3, SD 8 5 17 i A 4 K008 8 /D, s =2 D) A
YyBCR B CIE B 2145 ,2012) , SD X BB 0] o7 7 ¢
Bl T W D A5 T X AR o ) T A
KFEEMEM, ZE8 T Chl-a 18] 32 207 1 sh 9
A AR IE ] I U TR I S R A
AR AZ 2 SD B AL/, SD F 2 3H it Chl-a
(4 1F [ [B] 42 VE TR e sh 4 .

CODyy, BEWS S B 7K 4K 57 2 A ALY 5 Yo 1) 7
B T —LEiE V5 B2 A0, KA () 15 YL 7R B 5 TR i Bh
oA W B A e (2515, 2015) . CODy, Xt 1
Ui 7 Ui 2h iy 4 B R A e A BRI LR L OF B
FIL N G5 PR IR I S 1 B A2 B CODyy, 38 53
Chl-a Wy E 4 VE . R I M IE 1. CODy, K AE 4% A
R VR S W B A gl i R R LR
TET K 8 SR 3 B Kk A ST R0 A BE R

LW 55 T A LTS YL X T i S W ) R

ANTR] B VF WE s P % pH & RN, B Bk pH
2 WA i 2l 4 43 A I 0 A - 2 — GEBIL. 2007)
pH XF N I I Ui 3 ) 5 RE A AR R RN R] 42 AR AR
RAE T [ AR KT B4 AE R s b i il [l Jr #2
BARIF AR IEA B 7. B pH #KAR 3 Chl-a [A] $
S0 B S W) ) B SR

B R TP 3@ i %F Chl-a 1E [6] A4 18] 32 5 i 3%
TH 7 X VR U Sl W % R ) EERAE A e A SR
DIEAR G s TN X7 il 2 ) A ) & 00 B34 T IE
] il Chl-a (9 [R] 42 4E FH A58 , IR 0 IE 7], 3% EPE
TR W AR SRR I U B W) A E S e A AR AR
DAL 2 77 i A P WAL % R U VR 5 0 S B B AR R
AT W B A2 4k (Hessen et al, 20065 Bk OG 5€ 45,
2010) ,

Fr TN.TP 4b, 5 2R K KSR M F8dn 2
— AW R & BB i — 2D il B 5% $h 0 Ui B
Y VE A (Hessen et al,2006; B Sh#E4,2011), A&
WEFE T AR O X T Ui VR Ui B 4 B B R A W ) B
B e A ) HHGE i Chl-a /18] 376 F 4008 . i

YN VSN
3.2 KIEEFXHERY S AR
S b R P IR K AR S RS IS

2012) , b LI B AR LK U 2, K AR H ) o A
A KA G RE 1 BEES R S RETE 2 B DL/ R
RS B SR A A B R AR R A S R R R A
SIS PR (FPRAE, 20145 20l 0%, 2016) $at
# . DO.TN Fl Chl-a %t 777 sh ¥ (9 43 A 47 b &
SR (P <0.05) ,CODw, S TP XF V7 sh ¥ 0 43 A A
e 2 5 (P <<0.01) . X BEH] CODy, Ml TP &5
M) VAT 37 0 i Sl W R TR A R R AR A i R B R

YA A A BT T G S A T R R X G
WY, 2012) , Z B2 Tlb A 77 36 Bl A 5 i
{3t 34O A R R 3 BT T O R 50 R R B A2
T PRE S A K I (R, 2014), TRIiRBh
YIRS 2, B BUAS AR 2 R R S A KR TR Ui B
Y R B R A R R R A 2 R R R
RPEB R R R 5 R R S AR M b IS Y 4R R B R
JER R CE KA, 2014 Pl 0%, 2016) ., Sad 28 G
I3A T LU pH L DO, &, TP, CODy, #l Chl-a(P
<C0.01) J& 52 W) 2 Jof v 3ife V7 Ui 2 0 B % 45 K N A A
MERERE,

FEAT T i AR i S R T DY K AR A R B G
WIF2012) , BEZK IE A K 15 Y W) 7E 7R T AE T
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AT A W DX S S Bl R HE 0 2 A B
KA R BE SR R AR . TR SR VR 2 AR
REAC, SRR R At H ) A 22 RS L T A R
B R IE B 48 L R 5 AR R AE rh TS PR s AP 2R (SRR
K.,2016; @ HESRESE L2017 B Rig . A W 4s
th o B A R A B 3G IR S W R T A s
PR (R SC AL, 2016) . TP A7 & 138 i 2 5 2508
TH PR Ui 3 W 1 B 2 B 98 2> (Jeppesen et al,
2010), I, TP Al DOCP <C0.05) J2& 5 Wi 23 T {iF
TEWE S YRR IE S5 R i ) EZE R R,

2 2 3k
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Relationship of Zooplankton and Water Environmental Factors
in the Main Stem of Heihe River

ZHAO Rui-zhi, ZHAO Hong-xue, QIU Xiao-cong

(School of Life Science,Ningxia University, Yinchuan 750021,P.R.China)

Abstract: Heihe River is the second largest inland river in northwest China, with a basin area of 14.29 X
10'km. With rapid development of industry and agriculture in the basin, pollutant discharges to the river
have increased, leading to serious deterioration of water quality. In this study, we investigated the zoo-
plankton community structure in the main stem of Heihe River in 2015 and analyzed its relationship with
water environmental factors using multiple stepwise regression, path coefficient analysis and canonical cor-
respondence analysis (CCA). The aim was to provide baseline and theoretical evidence for comprehensive
prevention and control of water pollution as well as ecological restoration in the Heihe River basin. In A-
pril,July,and December of 2015, a zooplankton investigation was carried out at 46 sampling sites in the up-
per, middle and lower reaches of Heihe River, focusing on zooplankton density and biomass. Water envi-
ronmental factors were also measured including transparency, conductivity. dissolved oxygen (DO), total
nitrogen (TN), total phosphorus (TP), pH, permanganate Index (CODy,) and chlorophyll a (Chl-a). A
total of 62 zooplankton species was identified, including 44 rotifer species (22 genera, 8 families), 13
cladocera species (9 genera, 5 families) and 5 copepoda species (4 genera, 2 families). The zooplankton
community was dominated by the small rotifers. Water environmental factors affected the density, biomass
and distribution of zooplankton and were primarily responsible for variations in the zooplankton distribu-
tion of different river sections. The density and biomass of zooplankton in the upper reach of Heihe river
were affected by Chl-a and DO levels, and the distribution was related to CODy, and TP. Chl-a and water
transparency were the primary factors affecting zooplankton density and biomass in the middle reach, and
distribution was closely related to pH, DO, conductivity, TP, CODy, and Chl-a. The primary factors af-
fecting zooplankton density in the lower reach were DO, Chl-a, TP and conductivity, while biomass was
related to Chl-a, TN and conductivity. The distribution of zooplankton in the lower reach was related to
TN and DO.

Key words: zooplankton; density; biomass; multiple analysis; water environmental factors; Heihe River



